Objective: We analyzed the relation of osteoprotegerin (OPG) with insulin sensitivity, lipid profile, serum glutamic pyruvic transaminase (SGPT), adipocytokines, and C-reactive protein (CRP) in obese and non-obese subjects. Methods: In the study, 170 subjects (106 obese and 64 non-obese, sex ratio female/maleZ2.03) were included. Thirty-two obese subjects were reevaluated 6 months after the weight loss induced by bariatric surgery. Results: OPG did not differ between obese and non-obese subjects (respective mean values 5.17 and 4.96 pmol/l) or according to gender, but was positively correlated with age (P!0.0001 for both groups). OPG was statistically higher in 18 obese diabetic subjects compared with non-diabetics (PZ0.03). After adjustment for age, no significant correlation was found between OPG and body mass index (BMI), waist, systolic and diastolic blood pressure, cholesterol, triglycerides, high density lipoprotein (HDL) cholesterol, leptin, and adiponectin in both the obese and non-obese subjects. However, OPG was positively correlated with homeostasis model assessment (HOMA) index and SGPT levels in obese subjects at baseline (rZ0.295, rZ0.20, P!0.05) and after adjustment for age (rZ 0.28, rZ0.20, P!0.05). OPG was also significantly correlated with CRP; this correlation persisted after adjustment for age in obese subjects (rZ0.30, P!0.01). In a multivariate analysis in the obese group, HOMA index and CRP were independent predictors of OPG while SGPT was not. Six months post-surgery, OPG did not change, despite a significant reduction in glucose, SGPT, cholesterol, triglycerides, CRP, and leptin values (PZ0.02, PZ0.006, PZ0.007, P!0.001, P!0.001, P!0.001 respectively) and a significant increase in adiponectin and HDL values (P!0.001 for both variables). Conclusion: Our results show that in obese subjects, OPG is not related to BMI. However, we describe new relationships between OPG and both HOMA index and CRP.
Introduction
Osteoprotegerin (OPG) is a soluble glycoprotein that belongs to the tumor necrosis factor receptor superfamily (1) (2) (3) (4) (5) (6) . It acts as a decoy soluble receptor for the receptor activator of nuclear factor kB ligand (RANKL) (2) , thus preventing RANKL from binding its receptor on osteoclasts, thereby inhibiting osteoclastogenesis (6) (7) (8) (9) (10) . OPG is mainly secreted by bone but is also secreted by a variety of different tissues including endothelial and smooth muscle cells (1, 11, 12) . The contribution of skeletal versus non-skeletal OPG to circulating levels is still unclear.
OPG deficiency in mice predisposes to osteoporosis and arterial calcification (13, 14) . Surprisingly, a prospective study in elderly women yielded the first epidemiological evidence of an association between high levels of OPG and low bone density, fatal stroke, and overall vascular mortality (15) . Subsequently, in the general population, OPG was found to be a risk factor for progressive atherosclerosis (16) and to be associated with the severity of coronary atherosclerosis (17) (18) (19) . This paradoxical increase in OPG was interpreted as a counter regulatory protective response to atherosclerosis.
Despite the above findings, the relationship of OPG with body mass index (BMI), lipid profile, and insulin sensitivity has been the subject of few and controversial reports depending on the study population (20) (21) (22) (23) (24) .
In addition, OPG was recently found to be associated with the C-reactive protein (CRP) in subjects with coronary artery disease (CAD) (18) , but this association was never looked at in obese subjects or in young healthy non-obese volunteers.
The purpose of this study is to clarify, mainly in an obese population, the relation of OPG with the different cardiovascular risk factors, from both cross-sectional and interventional studies.
Material and methods

Study population
The study population consisted of 106 obese patients (35 males and 71 females) for bariatric surgery (vertical banded gastroplasty or Roux-en-Y gastric bypass). Obese subjects were selected as candidates for bariatric surgery if their BMI was higher than 40 or than 35 when associated with comorbidities. In the study, 64 healthy non-obese subjects (21 males and 43 females) recruited based on voluntary enrolment were also included.
The study was approved by our hospital Ethics Committee. Subjects gave a written informed consent to participate in the study and completed a written form concerning demographic characteristics and current medications.
We measured each subject's weight, height, and waist, and systolic and diastolic blood pressure (SBP and DBP respectively). SBP and DBP were taken after half an hour of rest. BMI was calculated as weight (in kilograms) divided by height (in meters) squared. Waist circumference was measured midway between the lowest rib and the iliac crest.
Methods
Blood samples were obtained after an overnight fasting. Serum chemistry was performed on the day of collection. Serum was then separated and stored at K80 8C for the other measurements. Serum glucose, cholesterol, triglycerides, HDL cholesterol, creatinine, and SGPT were measured using a Kodak automated dry chemistry machine. OPG was measured using a highly sensitive sandwich immunoassay (Immunodiagnostik, Bensheim, Germany). The sensitivity of the assay is 0.14 pmol/l and the coefficient of variation is !10%. Ultrasensitive CRP was measured using a commercial kit (Behring, Marburg, Germany); the respective sensitivity and the coefficient of variation of the assay are 0.175 mg/l and 4% respectively.
The following hormone measurements were performed using commercially available RIA kits as follows: leptin (Linco Research Inc., St Charles, MO, USA, sensitivity 0.5 ng/ml, intra-assay coefficient of variation 6%) and adiponectin (Linco Research Inc., sensitivity 1 ng/ml, intra-assay coefficient of variation !9.5%). OPG, leptin, and adiponectin measurements were performed in duplicate. Insulin measurement was performed using a commercial chemiluminescent assay (Immulite, DPC, LA, USA). The sensitivity of the assay is 2 mU/ml and the intra-assay coefficient of variation 6.4%.
Homeostasis model assessment (HOMA) was taken as a measure of insulin sensitivity using the equation: fasting plasma insulin (mU/l)!glucose (mmol/l)/22.5 (25) . A high HOMA index indicates low insulin sensitivity while a low HOMA index indicates high insulin sensitivity.
Statistical analysis
SPSS (version 13.0; Chicago, IL, USA) was used to perform the statistical analysis. The Pearson coefficient was used for linear correlations between variables. The linear correlations were analyzed after logarithmic transformation for most of the variables not normally distributed. A multilinear regression analysis was performed in order to study the independent variables that affect OPG values. An unpaired t-test was used to compare mean values between the obese and the nonobese populations. A paired t-test was used to compare variables before and after bariatric surgery. A P value !0.05 was considered statistically significant for all analysis.
Results
Baseline clinical and laboratory features of the subjects included in the study are shown in Table 1 . The sex ratio (female/male) was 2.04 for the total population, 2.03 for the obese group, and 2.05 for the control non-obese group. Eighteen subjects from the obese group were diabetic while none of the non-obese subjects were diabetic. Two diabetic subjects were on diet therapy, eight on metformin, two on sulfonylureas, seven on combined therapy by metformin and sulfonylureas, and none on thiazolidinedione or insulin therapy.
Relationship between serum OPG levels and clinical parameters
There was no statistically significant differences in the mean OPG values between the obese and the non-obese groups (5.17G1.79 pmol/l versus 4.96G1.46 pmol/l, PZ0.42 respectively). Also, no gender differences were observed (5.0G1.64 pmol/l in females versus 5.28G 1.75 pmol/l in males, PZ0.31). Serum OPG levels were found positively correlated with age (rZ0.41 and rZ0.47 in the non-obese and obese populations, P!0.0001 respectively). In the 18 diabetic obese subjects, OPG was found statistically higher than in the obese non-diabetic subjects (5.98G1.65 pmol/l versus 5.00G1.79 pmol/l, PZ0.03). OPG was significantly correlated with waist and SBP only in the obese population (P!0.01, P!0.05 respectively); however, these two correlations disappeared after adjustment for age. No correlation was found between OPG and BMI at baseline and after adjustment for age in both the obese and the non-obese populations.
Correlations between serum OPG levels, lipid parameters, HOMA index, adipocytokines, and CRP A positive weak correlation was found between OPG and both total cholesterol and triglycerides only in the obese population (rZ0.23 and 0.22 respectively, P!0.05). These correlations disappeared after adjustment for age. HDL cholesterol was not found to be correlated with OPG values (Table 2) .
No significant correlation was found between OPG and HOMA index in the non-obese population. However, in the obese population, OPG was positively correlated with HOMA index, fasting glucose, and SGPT levels (rZ0.295, P!0.01; rZ0.29, P!0.01; rZ0.20, P!0.05 respectively) (Fig. 1) . These correlations persisted after adjustment for age (rZ0.28, PZ0.004; rZ0.22, P!0.05; rZ0.20, P!0.05 respectively). The correlation between OPG and HOMA index persisted after adjustment for both age and diabetes (PZ0.01). No significant correlations were found between OPG and serum adiponectin or leptin levels in both the obese and the non-obese populations (Table 2) .
Finally, OPG is correlated with CRP in both the obese and the non-obese populations (rZ0.25, P!0.01, rZ0.28, PZ0.05 respectively), this correlation persisted after adjustment for age only in the obese population (rZ0.3, PZ0.002) ( Table 2 , Fig. 2 ).
Multiple regression analysis in the obese population with OPG as a dependant variable
A multiple regression analysis was performed in order to look at the independent variables that may explain the OPG variability. The three main variables that were statistically significantly correlated with OPG after adjustment for age (SGPT, HOMA index, and CRP) were introduced in the model. CRP and HOMA index were found to be independent predictors of OPG (PZ0.014 and PZ0.011 respectively) while SGPT was not (PZ0.42; Table 3 ).
Effect of weight loss on serum OPG and other variables
At 6 months post-surgery, the mean weight loss was 23.5%. This weight loss was not associated with a change in the OPG values but was associated with a significant reduction in glucose, SGPT, cholesterol, triglycerides, CRP, and leptin values (PZ0.02, PZ0.006, PZ0.007, P!0.001, P!0.001, P!0.001 respectively) and with a significant increase in adiponectin and HDL values (P!0.001 for both variables). There were no significant changes in insulin levels or HOMA index (Table 4 and Fig. 3) .
We then analyzed the difference of each of the above statistically significant variables after correction for the decrease in the BMI. The change of each SGPT, cholesterol, triglycerides, HDL cholesterol, CRP, and leptin is dependent on the decrease in BMI, while the increase in adiponectin was independent (P!0.0001).
Discussion
Our study shows that in a young obese and non-obese population, OPG is strongly related to age. In the obese population, after adjustment for age, OPG remained positively associated with HOMA index, fasting glucose, SGPT, and CRP values, while no relationship with BMI or lipid parameters was observed. In addition, OPG did not vary after a 6-month induced weight loss by bariatric surgery. OPG was also not found to be correlated with leptin or adiponectin values.
The strong positive relation we found between age and OPG was previously described in men (17, 26, 27) , elderly women (15, 23) , and diabetic subjects (27) and has been interpreted as a compensatory mechanism counteracting the age progression of bone resorption and atherosclerosis (16, 17, 19, 28) . This increase was also linked to the expected modifications in renal function observed with age. We found in the present study that this relation is also present at younger ages, suggesting that, in addition to the above explanations,
other not yet identified factors linked to age may explain this increase.
The absence of relationship between BMI and OPG observed in our study was previously reported. Two recent studies in Japanese postmenopausal and Korean healthy women (20, 23) did not find any relationship between these two parameters. Conversely, a recent study in obese subjects (24) reported lower serum OPG values in comparison with normal-weight controls; the authors explained this finding by a lower activity of osteoclast in obesity. Surprisingly, in this same report, weight loss induces a further decrease in OPG attributed to lower parathyroid hormone and higher 25(OH)D levels after weight loss. Our results from the interventional study did not show any variation in the OPG values, despite the major changes in BMI, leptin, adiponectin, and CRP. Differences in the timing of reevaluation after weight loss (3 months in the Holecki study, 6 months in our study), a greater weight loss secondary to surgery in our study, or other unknown factors could explain this difference between our study and the Holeki study. We also speculate that the circulating OPG values obtained after weight loss could be the result of different OPG sources (lower liver and adipose tissue production associated with higher skeletal production) explaining a neutral effect of weight reduction on OPG values. Figure 1 The correlation between osteoprotegerin (OPG) and HOMA index in obese subjects (rZ0.295, P!0.01). Figure 2 The correlation between osteoprotegerin (OPG) and C-reactive protein (CRP) in obese subjects (rZ0.25, P!0.01). The relation of OPG with glucose metabolism has been the subject of several recent studies. OPG was found elevated in diabetic patients similarly to our findings (15, 29) . The reason for this association is unclear. Two previous reports (in obese subjects (22) and in elderly men (21)) showed a positive relationship between OPG and insulin sensitivity, while a third one in women found no relationship (20) ; finally, in a fourth study (30) , OPG was positively correlated with HOMA index in normal and diabetic subjects. Results of the present study are in line with this last study and show an independent relationship between HOMA index and OPG. The discrepancies between all these studies could be explained by the very small sample size of the first study (the subgroup of subjects with high HOMA index constituted of only 12 women). In addition, the second study was performed in a different population (elderly male non-obese population). In the present study, we also did not find any relationship between adiponectin and OPG. Adiponectin was recently found to inhibit the OPG expression in osteoblasts (31) . At the opposite, we recently describe in an elderly male population a weak positive association between OPG and adiponectin (21) . The contribution of extraskeletal production of OPG may explain these differences.
We also looked at the relationship between OPG and lipid profile. This relation has been the subject of few and controversial studies. In healthy Korean women (20) , obese and hypercholesterolemic subjects had higher serum OPG levels. In contrast, Schoppet et al. (17) found a significant inverse correlation between triglycerides and OPG levels in men with CAD despite the fact that OPG was associated with the severity of the disease. Finally, we recently published in a cohort of elderly men, a favorable association between OPG and triglycerides and HDL cholesterol. The neutral relationship between OPG and lipid profile in this study adds more confusion to the subject and could be related to the younger age of our population.
Finally, we looked at the relationship between OPG and both SGPT and CRP values. We found, in our obese group, a strong and independent relationship between OPG and CRP. CRP is an acute-phase protein produced predominantly by hepatocytes under the influence of cytokines. The relationship between CRP and OPG was recently studied in subjects with CAD (18), diabetes (30) , and long-lived subjects (32) but has never been looked at in obese subjects. On the other hand, despite the positive relationship that we found in our obese group between OPG and SGPT, SGPT was not found to Osteoprotegerin in obesity, insulin, and CRP 357 be an independent predictor of OPG suggesting that, at least in healthy obese subjects, there is no direct relationship between OPG and liver function. The relationship between OPG and liver function has never been looked at in subjects without liver disease. Conversely, recent studies on patients affected by chronic liver disease have shown increased OPG levels (33) (34) (35) . This relationship was not found to be related to decreased bone mineral density (35) , suggesting that OPG may be synthesized by the liver as it is assumed by Simonet et al. (1) . Further studies are probably needed to elucidate the relationship between liver function and OPG values in normal subjects or subjects affected by fatty liver disease. It is surprising to see that, despite the increasing recent number of reports linking OPG to a risk factor for progressive atherosclerosis and cardiovascular disease, OPG was not found to be related to obesity or unfavorable lipid profile. It is also still unclear if OPG represents a compensatory mechanism to counteract the atherosclerotic process or if OPG is an active compound in the atherosclerotic process. The finding of a link between OPG and CRP suggests a possible involvement of OPG in the process of atherosclerosis through an inflammatory process.
In conclusion, our results show that in a healthy obese population, OPG is not associated with BMI and lipid profile. OPG was found to be positively and independently associated with insulin sensitivity and CRP values suggesting a new link between the OPG/RANKL system and both liver and adipose tissue. It should also be mentioned that these results were assessed in a selected obese population. Further research is needed to look at these effects in other populations and to elucidate some additional actions of OPG outside the bone and the vascular system.
